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[57] ABSTRACT

In a switched capacitor filter of a first-order responsive
to a filter mput signal for producing a filter output sig-
nal by carrying out sampling operation at a predeter-
mined sampling rate by the use of switching circuit, a
capacitor, and an integrating circuit, a voltage divider
produces a voltage divided signal in response to the
filter input signal to reduce a total capacitance deter-
mined by capacitances of the capacitor and the integrat-
ing circuit. The voltage divided signal is sampled by the
switching circuit to be sent to the integrating circuit at
the sampling rate through the capacitor. The integrat-
ing circuit produces the filter output signal as a result of
integration. In addition, an additional switched capaci-
tor filter of a first-order 1s connected in cascade to the
filter to form a switched capacitor filter of a second-
order. The additional filter comprises an additional
voltage divider for voltage dividing an output signal of
the additional filter to deliver an additional voltage
divided signal to the filter and the additional filter.

5 Claims, 8 Drawing Figures
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SWITCHED CAPACITOR FILTER HAVING A
REDUCED CAPACITANCE

BACKGROUND OF THE INVENTION 5

This invention relates to a switched capacitor filter
for filtering a filter input signal to produce a filter out-
put signal by carrying out sampling operation. |

As will later be described with reference to one of
several figures of the accompanying drawing, a conven- 10
tional switched capacitor filter of the type described
comprises a capacitor, a sampling circuit for sampling
the filter iput signal at a sampling rate to produce a
switched signal at the sampling rate, and an integrating
circuit for integrating the switched signal to produce a !3
filter output signal. The integrating circuit has an opera-
tional amplifier and an integrating capacitor inserted in
a feedback path of the operational amplifier. The
switched capacitor filter is specified by a transfer func-
tion dependent on a capacitor ratio of the integrating 20
capacitor relative to a unit or a minimum capacitor.

A switched capacitor filter of the type described is
proposed in a technical paper, IEEE International Sym-
posium on Circuits and Systems, April 19830, pp.
309-312, contributed by Titkwan Hui and David J. 25
Allstot, under the title of “MOS SWITCHED CA-
PACITOR HIGHPASS/NOTCH ILADDER FIL-
TERS”.

It 1s pointed out in the Hui et al paper that a very
large capacitor ratio is required in such a switched ca- 30
pacitor filter when the sampling rate becomes high as
compared with an audi0 baseband frequency, such as 50
Hz, 60 Hz, or the like. This means that a very wide area
should be occupied by the integrating capacitor on
large scale integration. In order to minimize the occu- 35
pied area, the unit capacitance must be chosen as low as
possible. As will later be described with reference to
another figure of the accompanying drawing, the Hui et
al paper teaches use of a capacitive divider so as to
reduce the capacitor ratio. 40

However, such a capacitive divider inevitably ac-
companies a stray capacitance, as will later be dis-
cussed. Inasmuch as the stray capacitance adversely
affects a filter characteristic, it is necessary to reduce
the stray capacitance by augmenting the unit capaci- 45
tance. In this respect, the integrating capacitor should
have a large capacitance. A total capacitance inevitably
becomes large. Therefore, an area occupied by the ca-
pacitors relatively becomes wide on the large scale
integration of the switched capacitor filter. The semi- 50
conductor chip must have a large size. |

In addition, electric power consumption is increased
with the switched capacitor filter because the opera-
tional amplifier should drive a large capacitance.

SUMMARY OF THE INVENTION

It 1s an object of this invention to provide a switched
capacitor filter which is capable of reducing a total
capacitance. |

It 1s another object of this invention of the type de- 60
scribed to provide a switched capacitor filter which has
a small size when the switched capacitor filter is manu-
factured by an integration technique.

It 1s another object of this invention to provide a
switched capacitor filter of the type described, which 65
results in a low electric power consumption.

A switched capacitor filter to which this invention is
applicable is responsive to a filter input signal for pro-

33

2

ducing a filter output signal. The filter comprises input
means responsive to the filter input signal for producing
an input signal, a first capacitor having a first and a
second electrode, first switching means connected to
the first and the second electrodes for switching the
input signal to produce a switched signal at a predeter-
mined sampling period, and first integrating means for
integrating the switched signal to produce the filter
output signal. According to this invention, the input
means comprises voltage dividing means responsive to
the filter input signal and coupled to the switching
means for voltage dividing the filter input signal into a
voltage divided signal to supply the first switching

means with the voltage divided signal as the input sig-
nal.

BRIEF DESCRIPTION OF THE DRAWING

FIG. 11s a block diagram of a conventional switched
capacitor filter;

FIG. 2 1s a block diagram of another conventional
switched capacitor filter;

FIG. 3 i1s a block diagram of a switched capacitor
filter according to a first embodiment of this invention;

FIG. 4 is a block diagram of a switched capacitor
filter according to a second embodiment of this inven-
tion;

FIGS. 5A and 5B (when joined as shown in FIG. 5)
is a block diagram of a switched capacitor filter accord-
ing to a third embodiment of this invention;

FIG. 6 shows a clock wave form chart for describing
the switched capacitor filter illustrated in FIG. 5; and

FIG. 7 is a graphical representation for describing a

frequency characteristic of the switched capacitor fil-
ter. '- |

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Referring to FIG. 1, a conventional switched capaci-
tor filter of a first-order may be called an integrator and
1s supplied with a filter input signal V;, to produce a
filter output signal V,,;. Each of the filter input signal
Vin and the filter output signal V,; 1s an analog signal.
‘The switched capacitor filter comprises a switched or a
sampling capacitor 10 having first and second elec-
trodes indicated at 11 and 12. Let the sampling capaci-
tor 10 have a capacitance C. A switching circuit com-
prises a first switch 16 connected to the first electrode
11 and a second switch 17 connected to the second
electrode 12. The illustrated first switch 16 is directly
supplied with the filter input signal V;, and switches the
filter input signal Vj, in a first phase at a predetermined
sampling rate. On the other hand, the second switch 17
produces a switched signal at the sampling rate in a
second phase which is antiphase relative to the first
phase. |

The switched signal is supplied to an integrating cir-
cuit comprising an operational amplifier 18 and an inte-
grating capacitor 19 inserted in a feedback path of the
operational amplifier 18. Let the integrating capacitor
19 have a capacitance aC, where a represents a capaci-
tor ratio relative to a unit capacitance. Anyway, the
integrating circuit produces the filter output signal V.

The switched capacitor filter has a transfer function
which is specified by a ratio of the output signal Vs to
the input signal V;,; and which is given by:

Vour/Vin= 1/['12&(1 2 1)]: Y
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where z is equal to e27//¢ where, in turn, f. represents a
sampling or a clock frequency equal to a reciprocal of
the sampling rate and f, a frequency of the filter input
signal V. Thus, the transfer function (1) is specified by

z-transform and determined by the capacitance ratio a .

“and the sampling frequency f.. In addition, a total ca-
pacitance of the illustrated switched capacitor filter is

~given by:

(C+al)/C=1+a (2)
When the switched capacitor filter is used as a high
pass filter in which the sampling frequency is high, the
capacitance ratio a must be large. As a result, an area
“occupied by the integrating capacitor 19 inevitably
becomes wide on large scale integration of the switched
capacitor filter. Inasmuch as the integrating capacitor
19 has a large capacitance, electric power consumption
of the operational amplifier 18 becomes serious.
Referring to FIG. 2, another conventional switched
capacitor filter is substantially equivalent to that dis-

10

15

20

closed in the Hui el at paper cited hereinabove and

comprises parts designated by like reference symbols
and operable with similar signals. A capacitive divider
“is placed between the first and the second switches 16
and 17 instead of the sampling capacitor 10 illustrated in
FIG. 1. The capacitive divider comprises a first capaci-
tor 21 having one electrode (indicated at 11) connected
to the first switch 16 and an opposing electrode, a sec-
ond capacitor 22 connected at one end thereof to the
opposing electrode of the first capacitor 21 and
grounded at the other end, and a third capacitor 23
connected in common to the first and the second capaci-
tors 21 and 22 at one electrode of the third capacitor 23
and to the second switch 17 at the other electrode (ind1-
cated at 12). Let the first, the second, and the third
capacitors 21, 22, and 23 have capacitances Cj, Cz, and
C; which are equal to k;C, k2C, and k3C, respectively,
‘where ki, ks, and k3 represent constants and C, the unit
capacitance. The switched capacitor filter further com-
prises a third switch 24 between ground and the one
electrode of the third capacitor 23.
~ In this structure, the first and the second capacitors
21 and 22 serve to control a total capacitance of the
switched capacitor filter while the third capacitor 23 is
~ operable as the switched or sampling capacitor, as is the
case with the capacitor 10 illustrated in FIG. 1.
~ The illustrated switched capacitor filter has a transfer
function given by:

Vour/ Vin=k1-k3)/ [0k + ke + k3)(az1—z— )] (3)
In order that Equation (3) becomes equivalent to
Equation (1), an equation:

(k1-k3)/ (k1 +ka+k3)=1 (4)
should hold. When kj=11, k»=99, and k3=11, Equa-
tion (4) is satisfied and the respective capacitances Cy,

- C3, and C3 become:
Ci1=11C,
Cy=99C,
and |
C3=11C. (5)
Under the circumstances, the total capacitance of the

switched capacitor filter illustrated in FIG. 2 is given

by:
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(C1+Cr+C3+aC)/11C=(1214+a)/11. (6)

Substitution of a =99 into Formulae (2) and (6) gives
values of 100 and 20, respectively. From this fact, 1t
becomes clear that the switched capacitor filter 1ilus-

trated in FIG. 2 has the total capacitance reduced to
one fifth of that of the filter illustrated in FIG. 1.
With the switched capacitor filter illustrated in FIG.

2. the second capacitor 22 is inevitably accompanied by
a stray capacitance (represented by Cs) parallel with the
second capacitor 22. Accordingly, the switched capaci-
tor filter is disadvantageous as pointed out in the pream-
ble of the instant specification.

Referring to FIG. 3, a switched capacitor filter ac-
cording to a first embodiment of this invention 1s opera-
ble as a first-order filter and comprises similar parts
designated by like reference numerals and is operable
with like signals. The switched capacitor filter further
comprises a voltage divider 30 responsive to the filter
input signal Vj, for voltage dividing the filter input
signal V;, into a voltage divided signal to supply the
voltage divided signal as an input signal to the first
switch 16. The voltage divider 30 therefore serves as an
input circuit for modifying the filter input singal V,1nto
the input signal. More specifically, the voltage divider
30 comprises a first resistor 31 having a first resistor
terminal supplied with the filter input signal V; and a
second resistor terminal connected to the first switch 16
and a second resistor 32 having a third resistor terminal
connected in common to the second resistor terminal
and a fourth resistor terminal grounded. The input sig-
nal, namely, the voltage divided signal is developed
across the second resistor 32. Let the first and the sec-
ond resistors 31 and 32 have resistances R; and Ro,
respectively.

The voltage divided signal is delivered to the sam-
pling capacitor 10 through the first switch 16 in the
manner described before in conjunction with FiG. 1.
The capacitance of the sampling capacitor 10, however,
differs from that of the sampling capacitor 10 illustrated
in FIG. 1 on account of the use of the voltage divider 30
and is therefore represented by C4. Let the capacitance
C4 be given by:

Cy=k4C, (7)
where k4 represents a constant.

Like in FIG. 1, the switched signal is supplied from
the sampling capacitor 10 through the second switch 17
to the integrating circuit. The integrating circuit com-
prises the operational amplifier 18 and the integrating
capacitor 19 of the capacitance aC and produces the
filter output signal V,, in an analog fashion, as 1S the
case with that illustrated in conjunction with FIG. L.

The switched capacitor filter illustrated in FIG. 3 has
a transfer function given by:

Vour/ Vin={(R2ka)/[(R1+ R2)az}(1~z~ H]. (8)
In order that Equation (8) be equivalent to Equation
(1), an equation:

(R2k4)/(R1+Ry)=1 (9)

should hold. At this time, the constant k4and the capaci-
tance Cg4 should be given by:

ka=(Ri+ R2)/R>
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Ci=C(R1+ R>)/R>3, respectively. (9"

and

It 1s readily possible to calculate the constant k4
‘which satisfies Equation (9). For example, when s
R1:R2=9:1, the constant k4 becomes equal to 10. There-
fore, Equation (7) 1s rewritten into:

Cs=10C. (10)

: | : 10
Under the circumstances, a total capacitance of the

switched capacitor filter is given by:

(10C +aC)/(10C) =(10+a)/10. (11)

When a=99 is substituted into Formula (11) as are !°
the cases with Formulae (2) and (6), Formula (11)
nearly becomes equal to 11. Thus, the total capacitance
of the switched capacitor filter illustrated in FIG. 3 can
be reduced to one ninth of that of the filter illustrated in

FIG. 1. 20

From this fact, it is readily understood that a reduc-
tion 1s possible not only in an area occupied by the
sampling and the integrating capacitors 10 and 19 on
large scale integration but also in electric power con-
sumption. | 23

Referring to FIG. 4, a switched capacitor filter ac-
cording to a second embodiment of this invention
serves as a second-order high pass filter. The switched
capacitor filter comprises similar parts designated by
like reference numerals and is operable with similar 30
signals. For convenience of description, the filter output
signal V,yu illustrated in FIG. 3 will be referred to as a
first filter signal and will be indicated by V1. In addi-
tion, the voltage divider 30, the sampling capacitor 10,
the switching circuit 14, and the integrating circuit will 35
be called a first voltage divider, a first capacitor, a first
switching circuit, and a first integrating circuit, respec-
tively. |

In FIG. 4, the switched capacitor filter further com-
prises third and fourth switches 33 and 34 which may be 40
called a second switching circuit for cooperating with a
second capacitor 36 placed between the third and the
fourth switches 33 and 34. More particularly, the sec-
ond capacitor 36 has a first additional electrode con-
nected to the third switch 33 and a second additional 45
electrode connected to the fourth switch 34. The third
switch 33 1s connected to the first integrating circuit to
switch the first filter signal V1 in the first phase at the
sampling rate. The fourth switch 34 is also operable at
the sampling rate so as to supply a second or an addi- 50
tional switched signal to a second integrating circuit in
the first phase. The second integrating circuit comprises
an operational amplifier 37 and an integrating capacitor
38 inserted in a feedback path for the operational ampli-
fier 37, as is the case with the first integrating circuit. In 55
any event, the second switched signal is integrated by
the second integrating circuit to be produced as a sec-
ond filter signal Vun.

The second filter signal V. is delivered to an exter-
nal utilization circuit (not shown) and also to a second 60
voltage divider 42. The second voltage divider 42 com-
prises a third resistor 43 having one electrode connected
to an output terminal of the second integrating circuit
and an opposing electrode and a fourth resistor 44 con-
nected between ground and the opposing electrode of 65
the third resistor 43.

The third and the fourth resistors 43 and 44 are sub-
stantially equivalent to the first and the second resistors |

6

31 and 32, respectively. A point of connection between
the third and the fourth resistors 43 and 44 is connected
to a fifth or auxihary switch 45 operable in the first
phase at the sampling rate. As a result, the second filter
signal Vg, 1s voltage divided by the second voltage
divider 42 into a second or an additional voltage divided
signal to be supphed to the fifth switch 45.

The fifth switch 45 switches the second voltage di-
vided signal in the first phase at the sampling rate to
produce a third or an auxiliary switched signal in the
first phase.

A third or an auxiliary capacitor 46 is connected
between the fifth and the fourth switches 45 and 34 so as
to transmit the third switched signal from the fifth
switch 45 to the fourth switch 34.

A. fourth or subsidiary capacitor 47 is connected be-
tween the fifth and the second switches 45 and 17. Thus,
feedback paths between the second integrating circuit
and the fourth switch 34 and between the second
switching circuit and the second switch 17 are operable
to determine a frequency characteristic of the switched
capacitor filter illustrated in FIG. 4.

In addition, the switched capacitor filter comprises a
bypass capacitor 48 between the fourth switch 34 and
the first resistor terminal of the first resistor 31 so as to
feed the second switched signal back to the first resistor
31.

With this structure, the frequency characteristic is
rarely subjected to influence of any stray capacitance. A
total capacitance is therefore reduced in the switched
capacttor filter as compared with the conventional filter
illustrated in FIG. 2. Consequently, it is possible to use
a small-sized semiconductor chip on large scale integra-
tion for the switched capacitor filter. Moreover, elec-
tric power consumption can be decreased in each opera-
tional amplifier because each operational amplifier
drives a small capacitance, such as the integrating ca-
pacitor.

Referring to FIG. 5, a switched capacitor filter ac-
cording to a third embodiment of this invention is oper-
able as a fourth-order high pass filter. The switched
capacitor filter comprises a first filter section 51 equiva-
lent to the switched capacitor filter illustrated with |
reference to FIG. 4 and a second filter section 52 con-
nected to the first filter section 51. As is the case with
the switched capacitor filter illustrated in FIG. 4, the

- first filter section 51 comprises the first and the second

voltage dividers 30 and 42 and is operable as the second-
order high pass filter. The illustrated first voltage di-
vider 30 comprises the first resistor 31 of 17.74 kiloohms
and the second resistor 32 of 2.26 kiloohms while the
second voltage divider 42, the third resistor 43 of 14.12
kiloohms and the fourth resistor 44 of 5.88 kiloohms.

Each of the first, the second, the third, and the fourth
capacitors 10, 36, 46, and 47 illustrated in FIG. 5 has a
common capacitance of 0.3 picofarad while the capaci-
tors 19 and 38 of the first and the second integrating
circuits have capacitances of 10.39 and 35.3 picofarads,
respectively. In addition, the bypass capacitor 48 has a
capacitance of 23.3 picofarads.

Referring to FIG. 6 afresh together with FIG. 5, each

‘of the first through the fifth switches 16, 17, 33, 34, and

45 1s composed of a pair of MOS (Metal-Oxide-Semi-
conductor) transistors. One transistor of each MOS
transistor patr is driven by a succession of first clock
pulses appearing at the sampling rate in the first phase,
as shown by &1, and is therefore specified in FIG. 5 by
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a suffix 1 added to each reference numeral for designat-
‘ing the first through the fifth switches. The other tran-
‘sistor of each MOS transistor pair 1s driven by a succes-
sion of second clock pulses appearing at the sampling
rate in the second phase, as shown by ¢3, and is there-
fore specified by another suffix 2. Each of the MOS

transistors becomes conductive when each clock pulse
takes a high level. Thus, the MOS transistors 161, 17},

33y, 341, and 45, are operable in antiphase relative to the
‘other MOS transistors 163, 173, 333, 342, and 452, respec-
tively.

In the example being illustrated, each of the first and
the second clock pulses ¢1 and ¢, has a repetition fre-
quency of 288 kilohertz and a duty ratio of 45%. Such
clock pulses can be readily generated by the use of a
well-known clock generator (not shown) In addition,
~ the operational amplifier 18 is identical in size and char-
acteristics with the operational amplifier 37. Such char-
acteristics may not be different from those required for
the usual switched capacitor filter.

- At any rate, the first filter section 51 produces the
second filter signal V,uzn in response to the filter input
signal V;, supplied to the first voltage divider 30.

In FIG. 5, the second filter section 52 is operable as a
second-order high pass filter, as is the case with the first
filter section 51. However, no voltage divider is used in
the second filter section 52. This is because no large
capacitor ratio is required in the second filter section 52,
as is well known 1n the art. |

"The second filter section 52 comprises a sixth switch
56 comprising a pair of MOS transistors (shown at 56;
and 563) which are driven by the first and the second
‘clock pulses ¢1 and @2, respectively. The sixth switch
56 is put into operation in a manner to be described
later. The sixth switch 56 is connected to a third inte-
grating circuit comprising an Operatlonal amplifier 58
and an integrating capacitor 59 inserted in a feedback
- path for the operational amplifier 58.

A fifth capacitor 60 is connected between a seventh
switch 62 and a eighth switch 63. Each of the seventh
and the eighth switches 62 and 63 comprises an MOS
- transistor 62; or 63; operable in response to the first
clock pulses ¢ and other MOS transistor 622 or 63
- operable in response to the second clock pulses &o.
The eighth switch 63 is connected to a fourth inte-
‘grating circuit comprising an operational amplifier 64
and an integrating capacitor 65 connected in a feedback
path for the operational amplifier 64. An output signal
‘of the operational amplifier 64 is supplied as a filter
output signal V,; to an external utilization circuit (not
'shown) and to a ninth switch 69 comprising a pair of
MOS transistors 691 and 69, driven by the first and the
second clock pulses ¢ and ¢2, respectively.

A sixth capacitor 71 and a seventh capacitor 72 are
connected between the ninth switch 69 and the eighth
 switch 63 and between the ninth switch 69 and the sixth
switch 56, respectively.

A combination of the ninth and the sixth switches 69
and 56 is similar in operation to another combination of
the first and the second switches 16 and 17 while a
combination of the seventh and the eighth switches 62
and 63 is similar in operation to a combination of the
third and the fourth switches 33 and 34. Thus, the ninth
and the sixth switches 69 and 56 may be called a third
switching circuit while the seventh and the eighth
switches 62 and 63, a fourth switching circuit.

The second filter section 52 filters the second filter:

signal V.2 to produce the filter output signal Vg, In
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the manner similar to the first filter section 51 when the
second filter signal V2 is given to the fourth integrat-
ing circuit through a capacitor 73.

Let the fifth, the sixth, and the seventh capacitors 60,
71, and 72 have capacitances of 0.3, 4.5, and 0.3 picofar-
ads, respectively. Further, let the integrating capacitors

59 and 65 and the capacitor 73 have capacitances of
28.5, 29.7, and 44.7 picofarads, r65pective1y Each of the

operational amplifiers 58 and 64 is identical in size and
characteristics to each operational amplifier 18 or 37.

Under the circumstances, the switched capacitor
filter illustrated in FIG. 5 has a total capacitance of
178.19 picofarads and a cut-off frequency equal to 0.4
kilohertz.

Referring to FIG. 7, the switched capacitor filter
illustrated in FIG. 5 has a frequency versus loss charac-
teristic, as shown by a solid-line curve, when the above-
mentioned circuit elements, such as the capacitors, the
resistors, and the like are used in the first and the second
filter sections 51 and 52. A result of simulation 1s also
shown by a dashed-line curve. Anyway, it is readily
understood that the cut-off frequency is present at 0.4
kilohertz in the switched capacitor filter illustrated in
FIG. 5.

In order to clarify a merit of the switched capacitor
filter illustrated in FIG. 5, attention will be directed to
a conventional switched capacitor filter of the fourth-
order in which the first and the second voltage dividers
30 and 42 are removed from the filter illustrated with
reference to FIG. 5. For the purpose of comparison,
like reference numerals will be used also for such a
conventional switched capacitor filter. In order to ac-
complish a similar frequency versus loss characteristic
illustrated in FIG. 7 by the use of the conventional
switched capacitor filter, each of the first, the third, and
fifth, and the seventh capacitors 10, 46, 60, and 72 must
have a common capacitance of 0.3 picofarad while the
second, the fourth, the sixth capacitors 36, 47, and 71
must have capacitances of 1.02, 0.78, and 4.5 picofarads,
respectively. In addition, the integrating capacitors 19,
38, 59, and 65 must have capacitances of 91.8, 120, 28.5,
and 29.7 picofarads, respectively, and the capacitors 48
and 73, capacitances of 79.2 and 44.7 picofarads, respec-
tively.

As a result, a total capacitance of the conventional
switched capacitor filter becomes 401.4 picofarads.
Therefore, the conventional switched capacitor filter
should comprlse, on large scale mtegratlon the capaci-
tors occupying an area which is more than twice as
wide an area as the capacitors used in the switched
capacitor filter according to this invention.

While this invention has thus far been described in
conjunction with a few embodiments thereof, 1t will
now readily be possible for those skilled 1n the art to put
this invention into practice in various other manners.
For example, this invention is applicable to a low pass
filter, a band pass filter, a band rejection filter, or the
like.

What is claimed 1s:

1. A switched capacitor filter comprising voltage
dividing means responsive to a filter input signal for
producing a filter output signal V,y,, said filter having a
transfer function V,,./Vi, which is specified by a z-
transform related to a unit capacitance C and which 1s

given by:

Vour/ Vin=1{az}(1 —z— 1]
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where a represents a capacitance ratio determined in
relationship to said unit capacitance and z is equal to
e/27f//fc and where fc represents a sampling frequency
and f represents a frequency of said filter input signal,
said filter comprising: |

a first resistor having a first resistance of Ry, a first
resistor terminal supplied with said filter input
signal, and a second resistor terminal;

a second resistor having a second resistance of R, a
third resistor terminal connected in common to
said second reststor terminal, and a fourth resistor
terminal to be grounded;

a first capacitor having a first and a second electrode
and a first capacitance given by:

C{R1+R3)/Ro;

first switching means connected to said first and said
second electrodes for switching said input signal to
produce a switched signal at a sampling frequency;

an operational amplifier having an amplifier input
signal supplied with sid switched signal and an
amplifier output signal for said filter output signal;
and |

an integrating capacitor connected between said am-

plifier input terminal and said amplifier output
terminal and having a capacitance equal to C.

2. A switched capacitor filter as claimed in claim 1,
said filter output signal being produced as a first filter
signal, said switched capacitor filter being for produc-
ing a second filter signal in response to said first filter
signal, said switched capacitor filter further comprising;:

10

a second capacitor having a first and a second addi-
tional terminal;
second switching means connected to said first and
said second additional electrodes for switching said
5 first filter signal at said predetermined sampling
period to produce an additional switched signal at
sald predetermined sampling period; and
second Integrating means for integrating said addi-
tional switched signal to produce said second filter

10 signal.
3. A switched capacitor filter as claimed in claim 2,
further comprising: |
additional voltage dividing means connected to said
second integrating means for voltage dividing said
15 second filter signal into an additional voltage di-
vided signal;
third switching means connected to said additional
voltage dividing means for switching said addi-
tional voltage divided signal at said predetermined
20 sampling period to produce an auxiliary switched
signal; and |
a third capacitor between said third and said second
switching means for transmitting said auxiliary
switched signal from said third switching means to
25 sald second switching means.
4. A switched capacitor filter as claimed in claim 3,
further comprising:
a fourth capacitor between said third and said first
switching means. |
30 5. A switched capacitor filter as claimed in claim 4,
further comprising;:
a bypass capacitor between said second switching
means and said first resistor terminal.
¥ * * ¥ *
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